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Description
FIELD OF INVENTION

[0001] The present invention in some embodiments
thereof, relates to composite material intramedullary
bone implant devices.

[0002] As used herein, the terms "bone implant devic-
es" and "bone implants" are intended to encompass hip
joints, knee joints, shoulder joints, bone screws, bone
instruments, bone plates, and intramedullary nails, in-
cluding proximal femur nails, typically including screw
holes for receiving bone fixation screws.

BACKGROUND OF THE INVENTION

[0003] Intramedullary nails (bone nails) have become
a treatment of choice for the fixation of bone fractures,
especially fractures of long bones (e.g., the humerus,
tibia and femur). Typically, bone nails are rod-shaped
devices configured and constructed to be secured (inter-
locked) to a bone using one or more locking elements,
such as transverse screws at one or both ends of the nail.
[0004] In many cases, the implant is constructed from
metal, such as titanium, stainless steel or cobalt chromi-
um. Although metallic implants provide numerous advan-
tages, they also have a few drawbacks. Metal construc-
tion normally provides adequate bending strength, thus
reducing problems associated with implant fracture and
fatigue. However, the rigid metal implant creates a rela-
tive high degree of stresses in certain regions of the bone,
while, on the other hand, does not provide for sufficient
load transfer resulting in stress shielding. Both high
stress and stress shielding can cause bone deterioration
and resorption, leading to areas of bone weakness and
loss of bone support for the implant (e.g., intramedullary
nails and stem components of joint replacement sys-
tems). In addition, metals may result in artifacts in CT
and MR imaging.

[0005] Furthermore, metals such as stainless steeland
cobalt chromium may cause biocompatibility problems
related to corrosion and sensitization reaction (mainly
due to allergy to nickel).

[0006] Non-metal implants made of a lighter and more
flexible material, yet having sufficient strength for load
bearing, have been suggested in the past. In particular,
composite material implants, for example formed of pol-
ymer reinforced with fibers, are discussed in US Patents
4,750,905, 5,181,930, 5,397,358, 5,009,664, 5,064,439,
4,978,360, 7,419,714.

[0007] US Patent No. 5,009,664 describes a tubular,
curved marrow nail, made of carbon fibers, which are
preferably knitin a crisscross fashion, saturated in a hard-
enable plastic, with a conically tapered distal tip.

[0008] USPatent5,181,930describesanimplantcom-
prising an elongated core formed of continuous filament
fibers embedded in thermoplastic polymer. The core is
encased within afiller, made of a non-reinforced polymer
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which is molded around the core to proximate the final
desired shape of the implant. A sheath, composed of
reinforced fibers embedded in a polymer, is spiral wound
around the filler, at angles (orientations) which may vary
along the implant axis.

[0009] EP patent application EP1733704A2 to Sher-
man et al. discloses "An orthopaedic implant (10) such
as an elongated nail or a joint prosthesis (10) includes a
uperparamagnetic material (22,24,26). The material can
be provided in a hole in the implant (10), for example as
a coating or at least partially filling the hole, or on an
external surface of the implant close to the hole." (ab-
stract)

[0010] WO application 2006/090226 to Renzo et al.
discloses a tubular member and an intramedullary nail,
where "the tubular member 2 may include connection
means 4 for anchorage thereof to the nail, which connec-
tions means preferably comprise an adhesive material
interacting with the member 2 and the intramedullary nail
C on which it is fitted" (page 7, lines 7-10).

[0011] Although composite material implants can pro-
vide several advantages, they also have afew limitations.
In contrast to metal, composite material implants are not
visible under imaging devices (such as fluoroscopy), and
hence theirimplantation as well as tracking during follow-
up are difficult. US Patents No. 7,419,714 describes a
bone screw or plate formed of a composite of polymer or
ceramic material with reinforcing fibres in which at least
part of which are maede of an X- ray absorbent material.
For bone nails or plates, accurate insertion of the screws
into the holes in the nail/plate is crucial to the success of
the operation, especially where no aiming device is used.
The use of interlocking screws poses a problem in such
implant, as the designated holes at the nailends (or at
the plate), through which the screws are to be introduced,
are not visible under fluoroscopy. The addition of fibres
of material that absorbs X-rays may be insufficient; as
such fibres often do notadequately and accurately mark
hole. Also, in order to improve the visualization of implant
hole a large quantity of such fibres might be required. In
addition, with regards to intramedullary nails (or other
implant construction that may comprise a weakened ar-
ea), due to the composite material construction, the ex-
tremities of the nails at the area of the interlocking screw
holes are more prone to damage.

[0012] Further, although such composite materials
may have several properties that are claimed to be similar
to those of bone, the composite material construction
may be less efficient under torsion loads.

[0013] Additionally, the instrumentation that is used
with a metal implant, such as an insertion handle, is usu-
ally connected to the implant via a thread at a proximal
end of the implant. However, the composite material con-
struction (which is not isotropic as is metal), has less
resistance to shear forces, and damage (e.g., breakage)
may result at the thread area.

[0014] The present invention addresses improve-
ments in the above-noted areas, and in other areas of
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composite bone implant technology.
SUMMARY OF THE INVENTION

[0015] There is provided in accordance with the
presentinvention an intramedullary bone implant accord-
ing to claim 1. There is provided in accordance with other
embodiments of the invention, a bone implant compris-

ing:

a fiber reinforced polymer matrix body;

a passage through the body, open at opposite ends,
and configured to receive a bone fixation screw; and
a radiopaque marking for location and orientation of
the passage. Optionally, the passage is near a distal
end of the body. Optionally or alternatively, the mark-
ing is comprised of at least one peripheral band of
radiopaque material located inside the passage. Op-
tionally or alternatively, the radiopaque marking is
comprised of a plurality of localized areas of radio-
paque material around the outside of the passage.
Optionally, the radiopaque material is in the form of
two rods located at each end of the passage.

[0016] In an exemplary embodiment of the invention,
the radiopaque marking comprises a metal element ex-
tending along a longitudinal axis of the body.

[0017] In anexample not falling within the scope of the
invention, the implant is a bone plate, and the marking
comprises at least one thin metal wire extending in a
plane which is not subject to substantial bending strain.
[0018] In an exemplary embodiment of the invention,
the implant is cannulated and the radiopaque marking is
a thin metal layer extending along an inner surface of a
lumen running through the implant body.

In an exemplary embodiment of the invention, the radi-
opaque marking is present in a quantity and configuration
which results in levels of artifacts upon CT or MRI which
do not significantly interfere with visualization.

In an exemplary embodiment of the invention, the local-
ized areas are diametrically opposed, and are equally
spaced from a longitudinal axis the respective passages,
whereby correct orientation for insertion of the fixation
screw into the passage is indicated when the rods ateach
end of a passage appear as single dots under fluoro-
scopic imaging.

In an exemplary embodiment of the invention a compos-
ite implant, optionally such as described above, is pro-
vided with a guide channel for a guide wire. Optionally
such a channel is formed of a metal tube.

[0019] There is provided in accordance with an exem-
plary embodiment of the invention, a bone implant com-
prising:

a fiber reinforced polymer matrix composite body;

a connector at a proximal end of the body configured
to be attached to an implant insertion tool in a single
orientation, and adapted for bearing torsion applied
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by the insertion tool.

[0020] In an exemplary embodiment of the invention,
a kit is provided including a bone implant as described
above and an insertion tool including a connector inter-
face having an alignment element adapted to engage
with a complementary element of the connector in the
single orientation. Optionally, the connector includes an
internally threaded recess. Optionally or alternatively, a
proximal end face of the connector includes a plurality of
radial slots at extending inwardly from a periphery at the
proximal end. Optionally or alternatively, the connector
has a hexagonal configuration.

[0021] In an exemplary embodiment of the invention,
the connector includes a bayonet configuration.

[0022] In an exemplary embodiment of the invention,
the connector includes a metal insert configured to re-
ceive an implant tool.

[0023] There is provided in accordance with an exem-
plary embodiment of the invention, an end cap for a bone
implant wherein the implant comprises a fiber reinforced
polymer body and a connector at proximal end of the
body for receiving an insertion tool; wherein the end cap
is configured to cover the connector when the implant is
in place to inhibit growth from preventing access to the
connector for subsequent implant removal. Optionally,
the connector is an internal recess and the end cap is
externally configured to fit in the recess. Optionally or
alternatively, the endincludes aradiopaque marking. Op-
tionally or alternatively, the end cap is formed of the same
material as the implant body.

[0024] There is provided in accordance with an exam-
ple not falling within the scope of the invention, a bone
implant comprising:

a body formed of a reinforced polymer matrix, and
a passage through the body configured to receive a
bone fixation screw, wherein the passage is config-
ured to resist axial withdrawal of a bone fixation
screw received therein. Optionally, the passage is a
circular hole having a diameter that is smaller than
an outside diameter of the screw. Optionally or al-
ternatively, the implant comprises an elongated lon-
gitudinal slot at a proximal end of the body configured
to slidably receive a bone screw therein, and to resist
axial withdrawal of a received bone screw.

[0025] Optionally or alternatively, the resistance to ax-
ial withdrawal is provided by a ridge in an internal surface
the circulato hole and/or the slot. Optionally or alterna-
tively, the passages are unthreaded.

[0026] There is provided in accordance with an exam-
ple not falling within the scope of the invention, a bone
implant comprising:

A body formed of a reinforced polymer matrix; and
ametal elementincorporated in the body. Optionally,
the metal element is an insert at a proximal end of
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the body configured to receive an implant insertion
tool. Optionally or alternatively, the metal element is
a

smooth metal coating on the implant body.

[0027] In anexample not falling within the scope of the
invention, the insert is a coupling element. Optionally or
alternatively, the insert is a structural element.

[0028] There is provided in accordance with an exem-
plary embodiment of the invention, a bone nail compris-

ing:

a body having a core constructed and configured to
resist mainly bending forces, comprised of substan-
tially linearly extending long reinforcing fibers in a
polymer matrix; and

a sleeve enclosing the core constructed and config-
ured to resist mainly torsional forces, comprised of
multiple layers of reinforcing fibers in a polymer ma-
trix helically wound in opposite directions.

[0029] In some embodiments, the core and the sur-
rounding portion are comprised of substantially linearly
extending comingled long carbon and polymer filaments
in a polymer matrix, and

at least part of the exterior surface is covered with a layer
of metal. Optionally or alternatively, the enclosing portion
is braided.

[0030] In an exemplary embodiment of the invention,
the enclosing portion is comprised of two layers of fila-
ments helically wound in opposite directions. Optionally,
the nail includes an outer layer comprised of linearly ex-
tending filaments.

[0031] In an exemplary embodiment of the invention,
a proximal end is comprised of:

a core of linearly extending filaments;

at least two layers of filaments helically wound in
opposite directions; and

an outer layer comprised of filaments in a circular
spiral configuration. Optionally, the helically wound
filaments lie at about = 45 degrees to a longitudinal
axis of the nail.

[0032] In an exemplary embodiment of the invention,
the core includes a substantially central, axially extending
lumen.

[0033] In anexample not falling within the scope of the
invention, the implant is in the form of a bone plate. Op-
tionally, the plate further includes a body molded around
a plurality of passages configured to receive bone fixation
screws. Optionally, the plate includes aradiopaque mark-
ing incorporate into the body.

[0034] There is provided in accordance with an exam-
ple not falling within the scope of the invention, a bone
fixation screw comprising:

a composite core formed of a threaded, reinforced
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polymer body; and

a metal exterior surface on the core. Optionally, the
metal exterior surface is a planting having a smooth
surface which does not promote integration with sur-
rounding bone tissue when the screw has been im-
planted. Optionally or alternatively, the meal surface
is comprised of titanium or a titanium alloy.

[0035] Optionally or alternatively, the metal surface is
thin enough that it does not cause artifacts in CT or MRI
images that would interfere significantly with visualiza-
tion. Optionally or alternatively, the metal surface is
threaded.

[0036] Inan example not falling within the scope of the
invention, the screw threads are oversized or mis-
matched in pitch relative to screw holes in a bone implant
configured to receive the screws. Optionally or alterna-
tively, a portion of the composite core penetrates aninner
surface of the metal threads.

[0037] Inan example not falling within the scope of the
invention, an interface between the composite core and
the metal surface includes complementary projections
and recesses.

[0038] Inan example not falling within the scope of the
invention, the material comprising the metal surface is
crimped around proximal and/or distal ends of the com-
posite core of the screw.

[0039] There is provided in accordance with an exem-
plary embodiment of the invention, a proximal femur (PF)
nail assembly comprising:

an elongated stem having a proximal end; and

a passage through the proximal end of the nail ori-
ented at an angle to a longitudinal axis of the nail,
the passage being oriented for anchoring the nail in
the neck and head of the femur; and

a bone fixation screw received in the passage,
wherein the nail is a composite comprised of a rein-
forced polymer matrix. Optionally, the assembly in-
cludes a further passage is configured to receive an
anti-rotation pin, wherein the anti-rotation pin pas-
sage extends parallel to the proximal end fixation
screw passage. Optionally or alternatively, the screw
is comprised of the same composite material as the
nail, and includes a threaded metal shell.

[0040] Inan example not falling within the scope of the
invention, the assembly includes:

an insertion tool connector at the proximal end com-
prising an axially extending bore; and

a cover configured to be received in the bore after
the implantisin place to prevent bone or other tissue
regrowth in the bore.

[0041] Inan example not falling within the scope of the
invention, the assembly includes a passage at a distal
end of the body configured to receive a bone fixation
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screw; and

a radiopaque marking for the location of the distal pas-
sage.

[0042] In an exemplary embodiment of the invention,

the anti-rotation pin is metal.

[0043] In an exemplary embodiment of the invention,
the passage for the proximal end fixation screw includes
a holder for the screw.

[0044] There is provided in accordance with an exam-
ple not falling within the scope of the invention, a tool for
removing a bone implant, wherein the implant includes
a body having an axial opening at a proximal end that
communicates with a transverse passage, the tool com-
prising:

first and second arms;

a first transverse tip at a distal end of the first arm;
a second transverse tip at a distal end of the second
arm extending in an opposite direction from that of
the first tip; and

a handle mechanism operable to move the first and
second tips between a retracted position in which
the tips are close to each other and an extended
position in which the tips are separated, wherein the
tips are sized and configured such that, in the re-
tracted position, the tool is insertable into the axial
opening in the implant, and in the extended position,
the tips are within opposite sides of the screw pas-
sage, whereby axial force can be applied to withdraw
the implant from inside an opening in a bone. Op-
tionally, the first and second arms are crossed, and
are connected at a pivot located between distal and
proximal ends of the arms.

[0045] There is provided in accordance with an exem-
plary embodiment of the invention, a bone implant drilling
assembly comprising:

a power unit; and

a flexible cable connected between the power unit
and a drill bit to transfer torque from the power unit
to the drill bit. Optionally, the flexible cable is con-
tained in an angled housing; and including:
couplings at opposite ends of the cable for attach-
ment to the power unit and the drill bit. Optionally or
alternatively, the power unit contained within the
housing. Optionally or alternatively, the assembly is
constructed for disposal after a single use.

[0046] There is also described herein a method of
forming a bone plate comprised of a fiber reinforced ther-
moplastic polymer composite comprising:

pre-forming a bone plate based on average anatom-
ical data;

obtaining specific anatomical data concerning an ac-
tual implant site for a particular patient;

heating the pre-formed bone plate and applying force
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to bend the pre-formed bone plate to the required
shape; and

cooling the bent bone plate in a manner which allows
it to retain its bent shape without substantial change
in its other properties. Optionally, the specific ana-
tomical data is obtained by direct measurement of a
patient’s implant site during a surgical procedure.
Optionally, the specific anatomical data is obtained
radiologically or by an MRI or CT of a patient’s im-
plant site.

[0047] There is also described herein a method of
forming a bone nail comprised of a fiber reinforced ther-
moplastic polymer composite body and including a bend
to conform to a particular implant site comprising:

pre-forming the bone nail without a bend;

heating the pre-formed bone nail while applying force
to bend the pre-formed bone plate to the required
shape; and

cooling the bent bone nail in a manner which allows
it to retain its bent shape without substantial change
in its other properties.

[0048] Unless otherwise defined, all technical and/or
scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art
to which the invention pertains. Although methods and
materials similar or equivalent to those described herein
can be used in the practice or testing of embodiments of
the invention, exemplary methods and/or materials are
described below. In case of conflict, the patent specifi-
cation, including definitions, will control. In addition, the
materials, methods, and examples are illustrative only
and are not intended to be necessarily limiting.

BRIEF DESCRIPTION OF THE FIGURES

[0049] Some embodiments of the invention are herein
described, by way of example only, with reference to the
accompanying drawings. With specific reference now to
the drawings in detall, it is stressed that the particulars
shown are by way of example and for purposes of illus-
trative discussion of embodiments of the invention. In this
regard, the description taken with the drawings makes
apparent to those skilled in the art how embodiments of
the invention may be practiced.

[0050] In the drawings:

FIG. 1 is a side elevation of bone implant in accord-
ance with some embodiments of the present inven-
tion;

FIG. 2A is a cross-sectional view taken along line
2-2in FIG. 1;

FIG. 2B is a pictorial illustration of an end cap for the
proximal end of an implant according to some em-
bodiments of the invention;

FIG. 3Ais an enlarged fragmentary perspective view
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of the distal end of FIG. 2A showing a radiopaque
marking for a screw hole according to some embod-
iments of the invention;

FIG. 3Bis an enlarged fragmentary perspective view
similar to FIG. 3A showing an alternative radiopaque
marking for a screw hole according to some embod-
iments of the invention;

FIG. 3C is an enlarged perspective view of the prox-
imal end of the implant of FIGs. 1 and 2A certain
details of the internal construction of a screw hole
and an elongated slot according to some embodi-
ments of the invention;

FIG. 4 is perspective view seen from the proximal
end of a bone nail showing details of a connector for
an insertion tool according to some embodiments of
the invention;

FIG. 5is a perspective view similar to FIG. 4 showing
a variation of the proximal end of a bone nail accord-
ing to some embodiments of the invention;

FIGs. 6A-6C are respectively schematic illustrations
of a bone nail, a blowup a proximal end of the bone
nail, and a blowup a distal end of the bone nail, ac-
cording to some embodiments of the present inven-
tion;

FIG. 7 is a side elevation of a cannulated bone im-
plant in accordance with some embodiments of the
present invention;

FIG. 8 is a view rotated 90 degrees from FIG. 7;
FIG. 9A is a cross-sectional view taken along line
9-9in FIG. 8;

FIG. 9B is an enlarged fragmentary view of the distal
end of an implant as shown in FIGs. 8 and 9;

FIG. 10A is an intramedullary nail including a metal
nut to impart added strength to the connection be-
tween the implant, according to some embodiments
of the present invention;

FIGs. 10B and 10C are illustrations of T shaped nuts
according to some embodiments of the invention;
FIG. 11 is a schematic illustration of a bone plate;
FIGs. 12A-12D are side elevations of bone fixation
screws according to some exemplary embodiments
of the invention;

FIG. 13A illustrates a proximal femur (PF) nail, ac-
cording to some embodiments of the invention;
FIGs. 13B and 13C illustrate bone screws which may
be used as leg screws with the PF nail of FIG. 13B,
according to some embodiments of the invention;
FIG. 14A-14B show an implant removal tool accord-
ing to some embodiments of the invention;

FIGs. 15A and 15B are schematicillustrations abone
drill and radiolucent connector that allows for unob-
structed fluoroscopic visualization, according to
some embodiments of the invention;

FIGs. 16A-16G illustrate a bayonet coupling for the
connection between the implant and an insertion
tool, according to some embodiments of the inven-
tion; and

FIGs. 17A and 17B illustrate a tool for bending a
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bone nail to a desired configuration, according to
some embodiments of the invention;

FIG. 18 shows an example of a drill guide and inser-
tion tool for use with an implant, according to some
of the implant embodiments.

DETAILED DESCRIPTION OF SEVERAL EMBODI-
MENTS OF THE INVENTION

[0051] The present invention, in some embodiments
thereof, relates to composite material bone implant de-
vices. More particularly, but not exclusively, the invention
relates to such devices as applied to implant devices
formed of fiber-reinforced polymer matrices or self-rein-
forcing polymers.

[0052] According to an aspect of some embodiments
of the invention, implants are formed of a matrix of poly-
mer material such as polyarylether ketone (PAEK), pol-
yether ether ketone (PEEK), or other polyketone based
polymers. Implants according to some embodiments of
the invention may also be formed of a matrix polymer
material such as but not limited to polyphenylene,
polyphenylsulfone, or polysulfone. In all such embodi-
ments, reinforcing fibers may included in the matrix. Op-
tionally, these may be formed of carbon, ultrahigh density
polyethylene (UHDPE), aramid polymers, or ceramic fib-
ers such as glass. Optionally, two or more of these may
be used together.

[0053] According to an aspect of some embodiments
of the invention, the implant can be manufactured of a
composite matrix material such as polyphenylene or UH-
DPE.

[0054] According to an aspect of some embodiments
of the invention, in a bone implant having passages for
receiving bone fixation screws, radiopaque marking vis-
ible under fluoroscopy is provided to show the locations
of the passages. Optionally, the marking is in the form of
at least one peripheral band of radiopaque material lo-
cated inside each passage. In some exemplary embod-
iments, there are two spaced bands. In other exemplary
embodiments, there is a single long band. Optionally, the
long band extends substantially the length of the pas-
sage.

[0055] According to an aspect of some embodiments
of the invention, the marking is in the form of a plurality
of localized areas of radiopaque material around the out-
side of each passage. In some exemplary embodiments,
two rods or pins are located at each end of each passage
running parallel to the passage. Optionally, the rods are
short compared to the length of the passage. Optionally,
the rods are diametrically located, and are equally
spaced from a longitudinal axis of the respective passag-
es, whereby correct orientation for insertion of the fixation
screw into the passage is indicated when the rods at each
end of a passage appear as single dots when, for exam-
ple, the X-ray beam is parallel to the passage.

[0056] According to an aspect of some embodiments
of the invention, the implant is a bone nail, and a radio-
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paque marking is formed by at least one metal wire ex-
tending along a longitudinal axis of the body, in addition
to or instead of the marking described above. The wire
is interrupted by the fixation screw passages, so that the
locations of the passages are indicated by the interrup-
tions.

[0057] According to an example not falling within the
scope of the invention, the implant is a bone plate, and
the radiopaque marking is formed by at least one metal
wire extending in a plane which is subject to minimal
changes in length during use due to substantial bending.
The wire may be interrupted by the fixation screw pas-
sages, so that the locations of the passages are indicated
by the interruptions.

[0058] According to an aspect of some embodiments
of the invention, the implant is a cannulated bone nail
and the radiopaque marking is a thin metal layer extend-
ing along an inner surface of a lumen running through
the implant body. The metal layer is interrupted where
the fixation screw passages cut through the lumen, so
that the locations of the passages are indicated by the
interruptions.

[0059] According to an aspect of some embodiments
of the invention, the radiopaque marking is radiopaque
filler, optionally barium, barium sulfate, zircona, etc.
which can be pre-filled into the polymer matrix material
in various concentration from 1-2 up to 40% by volume
or mass, and incorporated in the implant. The filler is
interrupted by the fixation screw passages, so that the
longitudinal locations of the passages are indicated by
the interruptions.

[0060] According to an aspect of some embodiments
of the invention, to add hardness and strength to the im-
plant, a metal or ceramic element is also embedded in
the polymer implant. In some exemplary embodiments
of the invention, the element is a nut embedded into the
implant during manufacturing of the implant.

[0061] Alternatively, or additionally,in some exemplary
embodiments of the invention, a metal layer may be ap-
plied to the surface of the implant, for example, as plating.
The coating is made as smooth as possible to discourage
integration with the surrounding bone tissue.

[0062] Optionally, the embedded elements and the
coating are formed of titanium, titanium alloy or tantalum.
Optionally, other suitable metals or metal alloys may be
used.

[0063] According to an aspect of some embodiments
of the invention, fixation screws, for example, for an in-
tramedullary nail or bone plate are formed of the same
composite material as the nail or bone plate itself. Op-
tionally or additionally, the threads of the fixation screws
are plated with a thin coating of metal such as titanium,
titanium alloy (for example, Ti6Al4V), tantalum, gold, or
any other biocompatible metal or metal alloy to improve
shear strength, and surface hardness. The metal plating
is thick enough to provide the needed additional strength,
but thin enough that it does not cause an unacceptable
level of CT or MRI image artifacts. In case artifacts are
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caused, they are sharply decreased compared to similar
implants made of metals. The metal coating is made as
smooth as possible to prevent attachment of re-grown
tissue or bone to the threads, or the screw body, which
would hinder removal of the screw if the implant must
later be removed.

[0064] Normally,the bonefixation screws are threaded
into the bone to anchor an implant such as a bone nail
or plate. However, it is sometimes desirable or neces-
sary, for example, in the case of osteoporotic bones
which are soft, to lock the screw also into the implant to
prevent axial withdrawal. According to an aspect of some
embodiments of the invention, at lest some of the screw
holes are slightly smaller than the outside diameter of
the screw, or conversely, the outside diameter of the
screws is slightly larger than the screw holes. Optionally,
the screw holes may be threaded or unthreaded.
[0065] When the screw holes are unthreaded, during
insertion, the screw pushes the implant material aside,
or cuts its own thread, and locks into the surrounding
material. In embodiments having threaded screw holes,
the threads of the holes and the screws lock together due
to the dimensional disparity.

[0066] Alternatively, the thread pitch for the screws and
holes may be different. In such a case, the screw locks
into the hole due to the pitch disparity.

[0067] According to an aspect of some embodiments
of the invention, when there is a need for the screw to
lock into the implant, at least some of the screw holes
include a circumferential ring or ridge that reduces the
diameter of the hole in a localized area. When the screw
is inserted, it deforms the material of the ridge or cuts a
thread allowing it to lock into the implant.

[0068] It should also be noted that according to some
embodiments of the invention, bone screws as described
herein may be used as standalone implements to attach
two parts of broken bone, without a nail or plate.

[0069] According to an aspect of some embodiments
of the invention, a bone nail is formed with a longitudinal
slot at its proximal end. After the nail has been attached
to the broken bone at its distal end by a bone screw, and
the broken parts of the bone have been aligned, the sur-
geon can apply compression to the fracture site by at-
taching a screw to the bone through the slot and pulling
the nail against the screw in the slot, optionally using the
implant insertion tool. One or more other screws at the
proximal end may be added to anchor the nail.

[0070] According to an aspect of some embodiments
of the invention, the slot may include a ridge or rib to
prevent withdrawal of the screw from the slot, as in the
case of the round screw hole described above.

[0071] According to an aspect of some embodiments
of the invention, a bone nailimplantincludes a connector,
optionally an internally threaded recess at its proximal
end, for attachment of an insertion tool having comple-
mentary external threads. Optionally, the recess is con-
figured with a plurality of radial slots on its end surface.
Alternatively, the end may have a hexagonal external
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configuration capable of bearing torsion..

[0072] Optionally, the connection configuration per-
mits only a single manner of connection, thus assuring
connection in the proper orientation

[0073] According to an aspect of some embodiments
of the invention, a closure cap is provided for the open
end of the connector, optionally formed of the same ma-
terial as the implant body, optionally without the fibers,
and includes external threads which engage the internal
threads of the connector. Closing the connector serves
to inhibit tissue growth in the open connector end that
could hinder access to the connector by a removal tool
for subsequent implant removal if necessary.

[0074] Optionally, a closure cap as described includes
radiopaque marking.

[0075] Optionally, according to some exemplary em-
bodiments of the invention, the nail may be cannulated.
For such a construction, the core includes a substantially
central, axially extending lumen. Optionally, according to
some embodiments of the invention, the inner surface of
the lumen has a metal coating which serves as a marking.
[0076] According to an aspect of some embodiments
of the present invention, an intramedullary nail is formed
with a core constructed and configured to resist mainly
bending forces (for example, about 75% or more of the
forces encountered are bending forces), and a sleeve
enclosing the core, for resisting mainly torsional forces
(for example, about 75% or more of the forces encoun-
tered are torsional forces). In some exemplary embodi-
ments, the core and an outer layer are formed of sub-
stantially linearly extending comingled long carbon and
polymer filaments in a polymer matrix. The sleeve is in-
termediate the core and the outer layer. According to
some embodiments, the sleeve is braided, i.e., it is
formed of two oppositely wound helical layers, for exam-
ple, at =45 degrees. Optionally, the exterior is coated
with a layer of metal such as titanium, titanium alloy or
tantalum.

[0077] According to some embodiments of the inven-
tion, at the proximal end, the fibers in one or more layers
are oriented helically with very small pitch, or optionally,
circularly, around the main axis of the nail. That orienta-
tion increases the strength of the engagement of the nail
and the insertion tool.

[0078] Optionally, if the implant is likely to experience
high local stresses at the installation site, or during inser-
tion or removal, an insert may be provided, optionally in
the form of metal nut

[0079] Alternatively, or additionally, the surface of the
implant may be provided with a metal coating. The net,
the metal insert, and the coating are optionally formed of
titanium or titanium alloy, or any other suitable and de-
sired metal or metal alloy.

[0080] According to an example not falling within the
scope of the present invention, a bone plate has a woven
orbraided body formed of substantially linearly extending
comingled long carbon and polymer filaments in a poly-
mer matrix.
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[0081] Optionally, passages for receiving bone fixation
screws are formed in the molding process when the plate
is fabricated. Optionally, the passages are formed, for
example, by machining, after the plate has been fabri-
cated.

[0082] According to an example not falling within the
scope of the presentinvention, a bone plate is preformed
of areinforced thermoplastic polymer, based on average
anatomical data, and then bent to a final shape before
implantation based on specific anatomical data concern-
ing the actual implant site for a particular patient. Accord-
ing to some examples, the final shaping is done by heat-
ing the pre-formed implant and applying force to bend it
to the required shape, then cooling the bent implantin a
manner which allows the implant to retain its bent shape
without substantial change in its other properties.
[0083] Optionally, the specific anatomical data is ob-
tained by direct measurement of the patient’s implant site
during a surgical procedure, or even visually. Optionally,
the specific anatomical data is obtained radiologically or
by an MRI or CT of the patient’'s implant site.

[0084] According to an aspect of some embodiments
of the invention, a bone fixation screw may be formed of
the same fiber reinforced or self reinforcing polymer ma-
terials as the implant itself. Optionally, to provide added
shear strength, the screw threads are coated with a thin
layer metal, for example, titanium, titanium alloy, tanta-
lum, gold, or any other biocompatible metal or metal alloy.
The metal coating should be thick enough to provide the
needed additional strength, but thin enough that it does
not cause artifacts in CT images or MRIs.

[0085] According to an aspect of some embodiments
of the present invention, a proximal femur (PF) nail in-
cludes an elongated stem having a proximal end and at
least one passages through the proximal end oriented at
an angle to a longitudinal axis of the nail to receive a
proximal end bone fixation screw for anchoring the nail
in the neck and head of the femur, wherein the nail is
comprised of a reinforced polymer matrix. Optionally, the
PF nail includes a further passage configured to receive
an anti-rotation pin, which passage extends parallel to
the proximal end fixation screw passage. Optionally ac-
cording to some exemplary embodiments of the inven-
tion, a PF nail includes radiopaque markings for at least
one passage.

[0086] Optionally according to some exemplary em-
bodiments of the invention, a PF nail includes aninsertion
tool connector comprising an axially extending bore at a
proximal end of the nail; and a cover configured to be
received in the bore after the nail has been implanted to
prevent tissue and bone regrowth in the bore.

[0087] Optionally, in a PF nail as described above, the
reinforced polymer matrix includes at least one layer of
reinforcing fibers extending longitudinally in the nail body.
[0088] Optionally, in a PF nail as described above, the
passage for the proximal end fixation screw (also called
a leg screw) is configured to receive a holder for the
screw.
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[0089] Optionally, the PF nail is long enough to treat
femoral shaft fractures in addition to the proximal femur
fractures.

[0090] According to an aspect of some embodiments
of the invention, a bone implant includes a PF nail as
described above, and a leg screw for anchoring the im-
plant in the neck and head of the femur. Optionally, the
leg screw is formed of the same material as the nail.
Optionally, the screw is formed of metal, for example, a
titanium alloy. Optionally, the implant includes an anti-
rotation pin extending parallel to the leg screw.

[0091] According to an aspect of some embodiments
of the invention, a bone screw for a PF nail as described
above is formed of a core of the same material as the
nail. Optionally, the screw includes a metal shell sur-
rounding the reinforced polymer core. Optionally, the
metal shell is threaded at a distal end. Optionally, a por-
tion of the polymer core penetrates an inner surface of
the metal threads. Optionally, an interface between the
polymer core and the shell includes complementary pro-
jections and recesses. Optionally, the metal shell is
crimped around proximal and/or distal ends of polymer
core of the screw.

[0092] According to an example not falling within the
scope of the present invention, an implant removal tool
is constructed to engage an installed implant through an
axial opening at a proximal end of the implant that com-
municates with a transverse passage configured to re-
ceive a bone fixation screw.

[0093] According to some examples, the tool includes
first and second arms, each having a transverse tip at its
distal end, and a lever mechanism operable to move the
firstand second tips between aretracted position in which
the tips are close to each other and an extended position
in which the tips are separated,

[0094] According to some examples, the tips are sized
and configured such that, in the retracted position, the
tool is insertable into the axial opening in the implant, and
in the extended position, the tips are within opposite sides
of one of the screw passages, optionally the slot used to
compress the fracture site, whereby axial force can be
applied to withdraw the implant from inside an opening
in a bone.

[0095] According to some examples, the first and sec-
ond arms are crossed as in a pair of scissors, and are
connected at a pivot located between distal and proximal
ends of the arms.

[0096] Accordingtosomeexamples , the firstand sec-
ond arms are opposed but not crossed, and are connect-
ed at a pivot point located at proximal ends of the arms.
Optionally, the pivot includes a spring which maintains
the tips in the extended position when the spring is in an
uncompressed state, and draws the tips to their retracted
position when it is compressed.

[0097] According to an example not falling within the
scope of the present invention, a bone drill for drilling a
bone to receive a bone implantincludes a power unit and
a substantially radiolucent angled connector configured
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to be fitted between the power unit and a drill bit, Accord-
ing to some exemplary embodiments, the connector in-
cludes an angled housing, couplings for attachment to a
drill power unit and a drill bit, and a flexible cable. Op-
tionally, the connector is constructed for disposal after a
single use.

[0098] According to an aspect of some examples, the
connection between the implant and an insertion tool is
a bayonet coupling rather than threaded.

[0099] According to an aspect of some embodiments
of the invention, a bone nail which will have a bend as
part of its final shape is preformed without a bend, and
then subjected to heat and a bending force in a mold.
The bent nail is then cooled according to a protocol which
allows it to retain its bent shape and other original prop-
erties.

DETAILED DESCRIPTION OF SOME EMBODIMENTS
OF THE INVENTION

[0100] Before proceeding with the detailed description
of the embodiments of the invention, it is noted that the
devices and parts to be described are all formed of a
matrix of Thermoplastic polymer material or thermoset
polymeric resins. thermoplastic polymers such as pol-
yarylether ketone (PAEK), polyether ether ketone
(PEEK), other polyketone based polymers such as OX-
PEKK®, made by Oxford Performance Materials, En-
field, Connecticut, polyphenylene, polyphenylsulfone,
polyamide-imide, polyphenylene sufide or polysulfone,
or similar. thermoset polymeric resins such as epoxy,
polyester, polyimide or bismaleimide Reinforcement may
be provided by carbon and/or ultrahigh density polyeth-
ylene (UHDPE) fibers such as Spectra® from Honeywell,
of Colonial Heights, Virginia, or Dyneema®, from DSM
Dyneema of Heerlin, the Netherlands, aramid fibers, e.g.,
Kevlar®, from DuPont of Wilmington, Delaware, quartz,
basalt, polyethylene, boron or glass. Optionally, two or
more of these may be used together. Optionally, the fib-
ers constitute 40 to 80 percent by volume of the implant
material. In an exemplary embodiment, the fibers consti-
tute 60 percent by volume of the implant material.
[0101] Alternatively, according to some embodiments
of the invention, the implant can be manufactured of a
self reinforcing composite material such as Dyneema.
[0102] Turning now to the drawings, FIGs. 1 and 2A
respectively illustrate a side elevation and a cross-sec-
tional view taken along line 2-2 in FIG. 1 of an intramed-
ullary nail in accordance with some embodiments of the
invention. The nail, generally denoted at 30 is comprised
of an elongated body 32 formed of a fiber reinforced pol-
ymer matrix as described above.

[0103] At a proximal end 34, body 30 includes one or
more generally round screw holes (one being shown by
way of example at 38), extending through body 32, a
longitudinally elongated slot 40, also extending through
body 32, and an crown portion generally denoted at 42,
As shown in FIGs. 4 and 5, proximal end 34 includes a
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threaded axial bore 44 extending into an connector por-
tion 42, configured to engage an insertion tool as de-
scribed below. Optionally, bore 44 extends axially a suf-
ficient distance to communicate with the proximal end of
slot 40 to facilitate axial compression of the nail to the
bone prior to insertion of all the interlocking screws, and
for connection of an implant removal tool, also as de-
scribed below.

[0104] Atadistalend 36, body 32includes one or more
generally round screw holes (one of which is indicated
at46) extending sidewardly through body 32, and option-
ally, one or more generally round screw holes 48 extend-
ing for example at a 90 degree angle to screw hole 46.
[0105] Optionally, some (or all) of the screw holes may
be threaded, as indicated by hole 38, or unthreaded, as
indicated by holes 46 and 48.

[0106] Implants as described above formed of fiber re-
inforced polymer, may be fabricated in any of several
conventional ways, generally using heat and pressure
such as compression molding, or injection molding.
These are well known to persons of ordinary skill in the
art, so further description is omitted in the interest of brev-
ity. In the case of self reinforcing polymers such as
Dyneema, the implant may be fabricated by the known
technique of holding a bundle of thermoplastic fibers ori-
ented in a desired direction, and rapidly heating and cool-
ing the fiber bundle under pressure in a mold so the outer
the fibers melt together to create the matrix, while the
core fibers do not have time to melt, and thus keep their
very high strength,

[0107] According to some embodiments of the inven-
tion, radiopaque markings are provided to assist the sur-
geon in locating screw holes 46 and 48, etc. and slot 40
for accurate insertion of bone fixation screws, not shown,
but as described below. The markings may take various
forms, as illustrated in FIGs. 1 and 2, FIGs. 3A through
3C, and also FIGs. 9A and 9B.

[0108] By way of example, screw hole 46 is marked by
four short metal rods or pins 50, two at each end of hole
46, best illustrated in FIGs. 2A and 3A. Rods 50 extend
parallel to screw hole 46 and are equally spaced diamet-
rically from the center of the hole, As best seen in FIG.
3A, rods 50a and 50c are located at one end of screw
hole 46, and rods 50b and 50d are located at the opposite
end. Rods 50a and 50b are aligned on one side of screw
hole 46, and rods 50c and 50d are aligned on the opposite
side.

[0109] During the implant procedure, the implant site
is visualized fluoroscopically. As will be understood,
when hole 46 and markings 50 are viewed from the prop-
er axial position for insertion of the fixation screws, rods
50a and 50b and 50c and 50d respectively appear as
single dots equally spaced diametrically from the center
of the hole (see FIG. 1). By inserting the screw at the
center thus indicated, and with the rods appearing as
single dots, proper positioning of the screw is achieved.
[0110] Another form of radiopaque marking is illustrat-
edinFIG. 3A. Here, the markings comprise two thin metal
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rings 52a and 52b located inside a screw hole 54. Rings
52 may be formed by plating the surface of hole 54, or
may be inserted into the hold and radially expanded or
may be inserted into the body of the implant as part of
the molding process, As will be appreciated by those
skilled in the art, when screw hole 54 is visualized fluor-
oscopically from the proper axial orientation, the rings
52a and 52b appear as a single circular ring.

[0111] FIG. 3B illustrates a variation of the marking ar-
rangement of FIG. 3A, in which a single metal tube 58 is
provided extending substantially the entire length of the
inside of a screw hole 56. As will be appreciated, when
such a marking is viewed at the proper axial orientation
for insertion of the fixation screw, it appears as an undis-
torted circle.

[0112] Itshouldbe noted thatmarking is needed mainly
for screw holes at the distal part of the nail. For the prox-
imal end, an external aiming device may be used that is
attached to the proximal end of the nail during insertion,
according to conventional practice

[0113] Other forms of radiopaque markings for the
screw holes, 46 and 48 are also possible. For example,
body 32 may include one or more longitudinally extending
wires, such as axial wire 59 (see FIG. 2). In the case of
abone plate, in some exemplary embodiments, the wire
is optionally located in a plane which subject to minimum
change of length due to bending.

[0114] In the case of a cannulated nail for use in long
bones such as the femur and tibia, a marking may op-
tionally take the form of a thin metal tube on the inside
of aninternal lumen (see description below). Another op-
tion is to include a quantity of radiopaque filler, for exam-
ple, barium, in the polymer matrix.

[0115] It should be understood such alternatives, the
screw holes cause discontinuities which indicate only lon-
gitudinal location, but not provide drilling direction infor-
mation.

[0116] Suitable metals for use as markings include,
tantalum, gold, or other biocompatible materials having
high atomic numbers. In an exemplary embodiment, the
metal is tantalum.

[0117] In all instances, it is to be understood that the
size of the markings should be sufficient to be clearly
visualized fluoroscopically, but notlarge enough to cause
significant artifacts in CT images or MRI. In some exem-
plary embodiments, wires such as 59 may have a diam-
eter in the range of 0.05-0.4 mm, for example, 0.2 mm.
Rods 50 may have a diameter in the range of 0.2 - 1 mm,
for example, 0.7 mm.

[0118] As previously mentioned, the proximal end of
nail 30 comprises a connector including a threaded bore
44 for attachment of an implant insertion tool. Referring
now to FIG. 2B, there is shown an end cap 60 configured
to be threadedly received within threaded bore 44 upon
completion of the nail implant procedure.

[0119] The purpose of end cap 60 is to provide a clo-
sure for bore 44 which prevents regrowth of bone or other
tissue inside the bore which would hinder insertion of an
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implant removal tool should removal of the implant later
be necessary. End cap 60 includes slots 62 at its end to
facilitate its own insertion and removal, but other config-
urations are possible, as will be recognized by persons
skilled in the art.

[0120] End cap 60 may optionally be formed of the
same matrix material (for example PEEK) as body 32,
without fibers, and may be fabricated in any conventional
or desired manner. End cap material can include radio-
paque marking, for example, spaced rods or pins 64.
[0121] Normally, animplantsuchas abone nail orplate
is attached to the underlying bone by the fixation screws
(not shown) which are threaded into the bone through
holes in the bone implant. However, in some instances,
such as for osteoporotic bones that are soft, it may be
desirable or even necessary to lock the screw also into
the implant to prevent axial withdrawal. In some embod-
iments of the invention, this is accomplished by making
at least some of the screw holes slightly smaller than the
outside diameter of the screw, or conversely, by making
the outside diameters of the screws slightly larger than
the screw holes. Optionally, the screw holes may be
threaded or unthreaded. When the screw holes are un-
threaded, during insertion, the screw pushes the implant
material aside, or cuts its own thread, and locks into the
surrounding material. In embodiments having threaded
screw holes, the thread pitch may be different on the
holes and the screws so the two lock together due to the
dimensional or pitch disparity.

[0122] Alternatively, to provide for locking the screw
into the implant, at least some of the screw holes such
as 38 at the proximal end of implant 30 may include a
ridge or rib similar to rib 154 shown in FIG. 3C that re-
duces the diameter of the hole in a localized area. When
the screw is inserted, it deforms the material of the rib,
or cuts a thread allowing it to lock into the implant.
[0123] FIG. 3C illustrates an additional feature accord-
ing to some embodiments of the invention. As shown, a
bone nail is formed with a longitudinal slot 152, for ex-
ample, at its proximal end 34. After the nail has been
attached to the broken bone at its distal end, for example
by a bone screw extending through hole 46 (see FIG. 2),
and the broken parts of the bone have been aligned, the
surgeon can apply compression to the fracture site by
attaching a screw to the bone through slot 152 and pulling
the nail against the screw in the slot, optionally using the
implant insertion tool. One or more other screws at the
proximal end may then be added, for example, through
hole 38, to anchor the nail.

[0124] According to some embodiments of the inven-
tion, slot 152 may include a ridge or rib 154 to prevent
withdrawal of the screw from the slot, as in the case of
the round screw hole described above.

[0125] ReferringnowtoFIGs. 4 and 5, there are shown
alternative constructions for a connector for an implant
insertion tool or handle. In one illustrative embodiment,
a connector 70 shown in FIG. 4 includes a grouping of
radial slots 72 (for example, three as illustrated), which
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are configured to engage a complementary end of a con-
ventional implant insertion tool (not shown) in the re-
quired orientation, according to conventional implant in-
sertion practice. Preferably, more than one slot 72 is em-
ployed; as composite materials generally provide limited
shear strength relative to metal, and multiple slots help
assure sharing of the shear load imposed by the torque
applied by the insertion handle. Alternatively, more than
three slots 72 may be employed, provided they are ar-
ranged at the proper orientation relative to the insertion
handle.

[0126] In another illustrative embodiment shown in
FIG. 5, connector 76 may have a single position at which
it can connect to the insertion tool. lllustratively, this may
be a generally hexagonal external configuration indicat-
ed at 78 capable of bearing torsion.

[0127] Inthe exemplary embodiments illustrated, con-
nectors 70 and 76 are formed of the same reinforced
polymer material as the rest of the implant body. Option-
ally, the connectors may be formed of a metal end at-
tachment (for example, titanium or the like) or ceramics
molded into the proximal end of the implant body, pro-
vided it does not interfere unacceptably with CT or MRI
visualization

[0128] According to some embodiments of the inven-
tion, bone implants as described in connection with FIGs.
1-5, are formed of fiber layers designed to resist mainly
bending forces, and mainly torsional forces. (As previ-
ously mentioned, the term "mainly" is considered to mean
that the forces encountered are at least about 75 percent
bending forces or atleast about 75 percent torsional forc-
es.)

[0129] FIGs. 6A, 6B, and 6C show some details of a
bone nail 89 according to such embodiments.

[0130] Here, core 90 and an outer layer 92 are formed
of long substantially linearly extending fibers parallel to
a longitudinal axis 94 within a polymer matrix.

[0131] In the embodiments of FIGs. 6A, 6B and 6C,
the nail is cannulated for illustrative purposes. Optionally,
an internal lumen 114 is covered with a metal layer 130,
forexample, ametal tube, optionally inserted during com-
pression molding of the nail.

[0132] Alternatively, in some embodiments, the nail is
non-cannulated. In such embodiments, the core may be
solid, but may be otherwise the same as core 90 illus-
trated.

[0133] ReferringtoFIG. 6B, core 90, are multiple layers
100 of filaments in a polymer matrix helically wound in
opposite directions, example, at =45 degrees. Layers
100 are optionally wound or braided after manufacturing
the longitudinal core 90. Optionally this may be formed
by winding impregnated strips of composite material.
One or more layers oriented in opposite direction are
employed to resist the torque applied on the nail in the
two directions of rotation. Optionally, at the proximal end
104, layer 100 is comprised of helically oriented filaments
formed by winding multiple layers of impregnated strips
of composite material in opposite directions, for example,
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at approximately +45 and -45 degrees.

[0134] It should be noted that some variability in the
direction of the fibers is optional. For example, the wind-
ings 100 may be oriented at angles in the range of + 35
to 55 degrees.

[0135] Optionally, fibers may braided to combine two
neighbor layers.

[0136] Optionally, the outer surface may be coated, at
least partly, for example by plating, with a layer 110 of
titanium, tantalum or similar metal

[0137] Optionally metal outer surface 110 may be man-
ufactured by compression molding the composite into a
metal shell.

[0138] Referring to FIG. 6C, the distal end 106 may be
of the same construction as the proximal end. lllustra-
tively, however, it is shown without a metal layer, and
with only two helical layers 112.

[0139] As an example of the construction illustrated in
FIG. 6A, for an intramedullary nail having an outside di-
ameter of 8.5 mm, the inner, linear fiber layer embedded
within the polymer matrix may have a diameter of up to
7.6 mm. If the nail is cannulated, internal lumen diameter
may be 2.7mm, metal cover (if any) will be between di-
ameters 2.7 to 2.9 mm. The second layer of helical fibers
may have a thickness of 0.3 mm between diameter 7.6
mm and diameter 8.2 mm. The third (outer) layer of lin-
early extending fibers embedded in a polymer matrix may
have a thickness of 0.15 mm between inner and outer
diameters 8.2 mm and 8.5 mm.

[0140] As an example for cannulated nail having a
proximal head with a final diameter of 11.6 mm, an inner
lumen may have a 2.7 mm diameter, metal cover (if in-
cluded) will be from 2.7 to 2.9 mm in diameter, linear fiber
layer may have a diameters from 2.9 up to 7 mm. A first
helical in -45 deg, orientation may be from 7 to 7.4 mm
in diameter. A second layer of helical fibers in +45 deg,
may be from 7.4 mm to 7.8 mm in diameter. One more
helical layer in -45 deg. may be from 7.8 to 8.2 mm in
diameter, one more helical layer in +45 deg may be from
8.2 to 8.6 mm in diameter, and helical circular layer may
be between 8.6 and 10.8 mm in diameter. An outer layer
of longitudinal fibers may be between 10.8 mm and
11.6mm. in diameter.

[0141] Optionally, according to some exemplary em-
bodiments, and as shown in FIGs. 6A-9B, a nail 107 may
be cannulated. One optional use for a cannulated nail is
repair of long bones such as the femur, tibia and humer-
us. Asillustrated, in FIGs. 7-9B, nail 107 includes an elon-
gated body 109 having a proximal end 110, a distal end
113, and a substantially central, axially extending lumen
114

[0142] Distal end 113 includes a longitudinal slot 116
and a round hole 118 extending in the same direction
through the nail, and round holes 120a and 120b extend-
ing at a 90 degree angle to slot 116 and hole 118. Prox-
imal end 110 includes round screw holes 122 and 124,
and a slot 126.

[0143] Each of the screw holes and slots at distal end

10

15

20

25

30

35

40

45

50

55

12

113 and proximal end 110 of nail 107 may include radi-
opaque location markings. As seenin FIG. 9B, these may
take the form of rods or pins 128 as described in connec-
tion with FIGs. 2A and 3C, or rings as described in con-
nection with FIGs. 3A and 3B. Additionally, or alterna-
tively, a thin metal tube 130 may be bonded in any suit-
able manner on the inner surface of lumen 114 (the distal
end of which is best seen in FIG. 9B).

[0144] As in the case of the embodiments employing
wire 59 shown in FIG. 2, or employing the radiopaque
fillerin the matrix, the continuity of tube 130 is interrupted
by the screw holes and the slots, so that the longitudinal
positions of these passages is indicated under fluoros-
copy by the resulting discontinuities. As will be appreci-
ated, tube 130 also serves to mark the location and extent
of implant 107 itself.

[0145] Cannulated implant 107 is otherwise the same
as that previously described in connection with FIGs. 1,
2, and may include a connector at its proximal end 110
like that described in connection with FIGs. 4 and 5, and
an end cap as described in connection with FIG. 2B. Also,
it may be formed with the same layer configuration as in
FIG. 6A. Accordingly, further description is omitted in the
interest of brevity.

[0146] Optionally, implants according to some embod-
iments of the invention may include additional elements
to improve performance, mainly strength. For example,
an insert can be made of metal or ceramics, or isotropic
composite parts. One such embodiment is illustrated by
way of example, in FIGs. 10A-10C.

[0147] In FIG. 10A, there is shown an intramedullary
nail 132 including a metal nut 134 to impart added
strength to the connection between the implant, and the
insertion handle. This may be embedded optionally into
the implant during molding. Optionally, the nut 134 may
by inserted into the proximal slot, and pushed into the
proximal side of the nail.

[0148] InFIGs. 10B and 10C there are illustrated one
optionofthe nutinsert 134. As shown, nut 134 is generally
T-shaped with a body 135 and opposed arms 136. When
not molded in, nut 134 is oriented as shown in FIGs. 10B
and 10C, and placed in slot 137 near its distal end 138.
It is then moved in the proximal direction so that body is
within the axial bore at the proximal end 139 of the im-
plant.

[0149] Alternatively, or additionally, the surface of the
implant may be provided with a metal coating or plating
141. The metal insert and the coating may be formed of
titanium, titanium alloy or tantalum, or any other suitable
and desired metal or metal alloy.

[0150] FIG. 11 illustrates the construction of a bone
plate 160 according to an example not falling within the
scope of the invention. Plate 160 is comprised of a lon-
gitudinal fibers coated with one, two, three, four layers
of =45° longitudinal wires, longitudinal fibers coated by
one, two, three, four layers of woven or braided +45°
layers. As an example, plate 160 is comprised of a woven
or braided body 162 formed of substantially linearly ex-
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tending comingled long carbon and polymer filaments in
a thermoplastic polymer matrix as previously described.
Passages 170 are provided to receive bone fixation
screws (not shown). Optionally, passages 170 are
formed in the molding process when plate 160 is fabri-
cated. Alternatively, passages 170 are formed by ma-
chining after the plate has been fabricated.

[0151] Passages 170 may be threaded or non-thread-
ed or a combination of the two. Optionally only a portion
of some or all the passages are threaded with the other
part is non-threaded, and designed to engage with the
screw head.

[0152] According to some examples not falling within
the scope of the presentinvention, bone plate 160 is pre-
formed based on average anatomical data, and then bent
to a final shape before implantation based on specific
anatomical data concerning the actual implant site for a
particular patient. According to some exemplary embod-
iments, the final shaping is done by heating the pre-
formed implant in a molding press with suitably shaped
inserts. Force is applied to bend the plate to the required
shape, and then the mold is cooled in a manner which
allows the implant to retain its bent shape without sub-
stantial change in its other properties. As an example, a
bone plate formed of carbon fibers, in a PEEK matrix, is
heated to 380-400 Deg C, held at temperature for 5-30
minutes as needed to effect proper bending, then cooled
at a rate of 5-30 Deg C per minute to 150 Deg C, and
then cooled rapidly to room temperature.

[0153] Optionally, specific anatomical data for shaping
plate 160 is obtained by direct measurement of the pa-
tient’s implant site during a surgical procedure, or even
visually. Alternatively, the specific anatomical data is ob-
tained radiologically or by an MRl or by CT of the patient’s
implant site.

[0154] FIG. 12A-12D illustrate a bone fixation screw
suitable for use with the various implant embodiments
described above, or as standalone for fixation of fractures
without an implant. The illustrated screws may be formed
of the same fiber reinforced or self reinforcing polymer
materials as described above.

[0155] As illustrated in FIG. 12A, the screws are com-
prised of a core 145 having long fibers extending in lon-
gitudinal direction, parallel to the screw axis 143 embed-
ded in a polymer matrix. The thread 144 is made from
composite material having long fibers, wound with the
threads. Optionally some fibers may cross from the core
and interweave into the thread as shown at 147, to in-
crease the strength of the thread base 149.

[0156] Optionally, the thread 144 can be made of com-
posite material with chopped fibers, optionally molded
over the screw core.

[0157] The screw connector 148 for engagement with
the closing and opening tool, may be of any conventional
shape, for example, an internally or externally threaded
hexagon, Phillips head, slotted, axial crown, and the like.
Optionally the head of the screw may be a metal insert.
[0158] FIG. 12B illustrates a bone fixation screw 142a,
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having a helical composite material layer 150, preferably
with long fibers directed in +/- 45 deg relative to the axis
143. That layer may be included to add resistance to the
torque applied on the screw during insertion or removal.
Optionally layer 150 will comprise a winding only with
one helical direction. Optionally the two fiber directions
+/-45 deg are braided.

[0159] FIG. 12C llustrates ascrew 142b providing add-
ed shear strength, by having metal shell 152 outside com-
posite core 145. Shell 152 may be solid, and comprise
the entire thread with no composite component. Such a
structure provides the strength of the metal to resist
shearing of the thread, and the strength of the composite
core to resist bending. Optionally the distal end of the
screw will be part of the shell 154, and optionally, may
be self tapping.

[0160] FIG. 12D illustrates a screw 142c having the
threads 144 coated with a thin layer 156 of titanium, or
other metal such as titanium alloy Ti6Al4V, or any other
biocompatible metal or metal alloy. The metal coating
should be thick enough to provide the needed additional
strength, but thin enough that it does not cause artifacts
in CT images or MRIs. Coating thicknesses in the range
of about 0.02 to 0.2 mm provide satisfactory results. As
a specific example, the coating may have a thickness of
a 0.1 mm.

[0161] The coating layer 156 may be formed in various
ways including by electrochemical coating, physical va-
por deposition, plasma spraying, molding the composite
material into a metal shell etc. Whatever technique is
employed, the coating should be made a smooth as pos-
sible, as a smooth surface is found to prevent attachment
of re-grown tissue or bone to the threads, which would
hinder removal of the screw if the implant must later be
removed.

[0162] Optionally, bone screw can be made in any
combination of the structural components described
above.

[0163] Optionally, bone screw, in any combination can
be canullated, with an internal lumen sized for use with
guide wire.

[0164] FIG. 13A illustrates the construction of a prox-
imal femur (PF) nail 180 formed of a reinforced polymer
matrix, optionally including an embedded reinforcing in-
sert as described above in connection with other embod-
iments of the invention. PF nails are used for repairing
fractures involving the femur.

[0165] Asillustrated, PF nail 180includes an elongated
stem 182 having a proximal end 184 with at least one
passage 186 oriented at an angle to a longitudinal axis
284 of the nail. In use, passage 186 receives a proximal
end bone fixation screw 286 which anchors the nail in
the neck 188 and head 189 of the femur.

[0166] Optionally, PF nail 180includes athreaded pas-
sage 190 to receive an anti-rotation pin 288. Passage
190 extends parallel to proximal end fixation screw pas-
sage 186.

[0167] Optionally, according to some exemplary em-



25 EP 2 389 124 B1 26

bodiments of the invention, passage 186 is also threaded
and receives a holder 192 within which leg screw 187 is
slidingly received.

[0168] It should be understood that in addition to pas-
sages 186 and 190, a PF nail typically includes additional
passages, such as passage 290 at a distal end 292. In
use, passage 290 receives a bone fixation screw for an-
choring PF nail 180 to a lower portion of the femur. Op-
tionally other passages (not shown) may extend at an
angle, for example, 90 degrees, to passage 290.
[0169] As in previously described embodiments, PF
nail 180 may include radiopaque markings for some or
all of the passages.

[0170] Optionally according to some exemplary em-
bodiments of the invention, PF nail 180 includes an in-
sertion tool connector 294 as described above, and an
end cap 296 configured to be received in connector 294
after PF nail 180 has been implanted to prevent bone
internal bone or tissue regrowth.

[0171] Exemplary embodiments of leg screws are
shown in FIGs. 13B and 13C. Optionally, leg screws ac-
cording to some embodiments of the invention, are
formed of a core of the same composite material and the
nail. Optionally, the screw is formed of metal, forexample,
a titanium alloy such as Ti-6Al-4V.

[0172] Asshown inFIG. 13B, aleg screw 300 includes
a reinforced polymer core 302, and a surrounding metal
shell 304. Optionally, core 302 may include an internal
lumen 306 intended to receive a guide wire (not shown)
for assisting the surgeon during the implant procedure.
[0173] Shell 304 includes threads 308 at least at its
distal end 309 for interlocking with the surrounding bone.
Optionally, the threads are selftapping. Threads 308 may
be formed only in shell 304 or may be internally relieved
so that the polymer core 302 penetrates the threads, as
best seen at 310 in FIG. 13C. In some instances, this
may reduce the amount of metal in the shell forimproved
CTimaging and MRl visualization, and may help increase
the strength of the connection between the screw core
and the shell. The interface between the core and the
shell may also include recesses and complementary pro-
jections of various shapes (not shown) to provide for
stress sharing.

[0174] Optionally, as also illustrated in FIG. 13C, at
312 and 314, the metal shell 316 is crimped around prox-
imal and distal ends 318 and 320 of polymer core 322.
[0175] FIGs. 14A-14C show an implant removal tool
200 according to an example not falling within the scope
of the present invention. Removal tool 200 is configured
to engage an installed implant 202 through the axial con-
nector opening 204 at the proximal end 206 of the im-
plant. For this purpose, axial opening 204 communicates
with a transverse slot 208 as previously described.
[0176] AsseeninFIG. 14B, tool 200 includes first and
second arms 210 and 212, having respective transverse
tips 214 and 216 at their distal end, and a suitable handle
(not shown) for easy manipulation at their proximal ends.
Arms 210 and 212 are connected by a pivot intermediate
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the proximal and distal ends and thus provide a scissor
mechanism operable to move tips 214 and 216 between
retracted and extended positions. In the retracted posi-
tion, the tips are close to each other so that the distal end
of tool 200 is easily insertable into opening 204. In the
extended position, tips are separated, and engage the
opposite sides of slot 208.

[0177] As will be understood, in the extended position
axial, force can be applied to withdraw implant 202 from
inside an opening in a bone.

[0178] FIGs.15A and 15B show a bone drilling assem-
bly 230 used to prepare an implant site to receive a bone
implant according to some embodiments of the invention.
The illustrated construction is designed to minimize in-
terference with fluoroscopic visualization of the drilling
site by the surgeon.

[0179] Drilling assembly 230 includes a power unit 232
which drives a drill bit 234. An angled connector 236 is
configured to be fitted between power unit 232 and drill
bit234. As best seen in FIG. 15B, connector 236 includes
a female coupling 238 for connection to drill bit 234, and
a male connector 240 for connection to power unit 232.
These are mounted in a body 246 formed a polycar-
bonate or other suitable radiolucent material. A flexible
cable 242 formed of for example multi-filaments of stain-
less steel or other suitable material is also mounted in
body 246 and transfers torque from coupler 240 to cou-
pler 238.

[0180] Still referring to FIG. 15B, connector 236 is an-
gled at 250 so that couplers 238 and 240 are oriented,
for example, at 90 degrees to each other. This allows
power unit232 to remain outside the fluoroscopy imaging
range, and therefore does not interfere with visualization
by the surgeon of the drilling site.

[0181] Couplers 238 and 240 are of conventional de-
sign, or of any other suitable and desired type. According
to some embodiments, couplers 238 and 240 include out-
er sleeves 252 and 254 formed of Teflon or the like, which
serve as bearings to minimize friction during rotation. Ca-
ble 242 is sized to rotate freely relative to the body 246
Optionally, instead of a flexible power transfer connec-
tion, rigid elongated rods connected together by suitable
right-angle gear arrangement, may be employed. Pref-
erably these parts are also formed of radiolucent mate-
rial.

[0182] Drill bit 234 may be made of a reinforced poly-
mer matrix, optionally, including longitudinally extending
reinforcing fibers as described above, coated with hard
metal such as titanium, or diamond.

[0183] Power unit 230 may be a standard operating
room drill. Optionally angled connector 234 may include
a self-contained, electric motor, gear and battery, in that
device, a separate power unit 232 is not needed.
[0184] Optionally, the connector 236 constructed is
provided in sterile packaging, andis intended for disposal
after a single use.

[0185] Optionally, as illustrated in FIGs. 16A-16G, the
nail at the proximal end is connected to the insertion han-
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dle with a bayonet connection. Optionally, the proximal
end nail includes longitudinal grooves 162 in order to
insert the bayonet teeth 165 on the tube orrod 164 which
connects the nail to the handle. Tube 164 rotates inside
the nail in its radial groove 163. A nut 166 fastens over
the tube 164 to tighten the nail to the handle. Optionally,
the nail proximal end does not include longitudinal
grooves for insertion of the bayonet teeth. Instead, tube
134 includes expandable bayonet teeth.

[0186] FIG.17AandFIG. 17Billustrate awaytoreduce
cost during production of composite intramedullar nails.
The nails are supplied in many lengths and diameters for
humerus, tibia and femur bones, and are usually curved
to follow the anatomic shape of the bones. However, it
is less costly to manufacture straight nail, with all or most
of the layers, and add a final manufacturing step of bend-
ing the nail.

[0187] FIG. 17A illustrates a bending tool 170. As
shown, tool 170, includes a cavity 171 to receive a
straight nail. The tool has electric heaters 172 heating
the tool with the nail inside to a suitable plastic deforma-
tion temperature. For example for a nail formed of PEEK,
a suitable temperature is in the range of 380 to 410 deg
C. Optionally pressure may be applied to the nail during
heating, for example by pressing the nail axially via open-
ing 173. The tool has two halves 174 and 175 defining a
mold cavity, made of material capable to bend without
damage, at the process temperature, such as Nitinol.
[0188] At high temperature, the tool bends the nail.
FIG. 17B illustrates the tool after bending. The nail is
cooled within the tool, and the resulting curve 176 is re-
tained.

[0189] PEEK and similar materials can be amorphous
or crystalline to some degree, as determined by the de-
sired heating and cooling treatment. Bending tool 170
has controller not shown, to establish the desired heating
and cooling protocol.

[0190] After cooling, the tool opened along surface
177, and the curved nail is FIG. 18 shows an example of
a drill guide and insertion tool 398 for use with an implant
400 according to some of the implant embodiments as
described above. As shown, tool 398 is comprised of a
body 402 having a drill guide holes 404 and a coupling
portion 406 which engages the coupler portion 410 of
implant 400. Included in coupling portion 406 is an align-
ment element adapted to engage with a complementary
element of the connector 410 to permit interconnection
of the tool and the implant in the single orientation re-
ferred to in connection with FIGs. 4 and 5.

[0191] As various features of devices and methods
have been described. It will be appreciated by persons
skilled in the art that the present invention is not limited
to what has been particularly shown and described here-
inabove. Rather, the scope of the present invention in-
cludes both combinations and subcombinations of the
various features described hereinabove, as well as var-
iations and modifications thereof that are not in the prior
art, which would occur to persons skilled in the art upon
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reading the foregoing description.
[0192] The scope of the invention is defined by the ap-
pended claims.

Claims
1. An intramedullary bone nail (89), comprising:

a body having a core (90) constructed and con-
figured to resist mainly bending loads, a sleeve
enclosing the core, and an outer layer (92) sur-
rounding the sleeve;

characterized in that said core and said outer
layer are comprised of substantially linearly ex-
tending long fibers parallel to the longitudinal ax-
is (94) of the nail in a polymer matrix; and

said sleeve is intermediate the core and the out-
erlayer, said sleeve constructed and configured
to resist mainly torsional loads, comprised of
multiple layers (100) of fibers in a polymer matrix
helically wound in opposite directions.

2. An intramedullary bone nail according to claim 1,
wherein the sleeve is comprised of two layers of fil-
aments helically wound in opposite directions.

3. An intramedullary bone nail according to claim 2,
wherein a proximal end (104, 110) of the nail is com-
prised of a portion including filaments oriented in a
circular spiral configuration.

4. An intramedullary bone nail according to any of
claims 1-3, wherein the helically wound filaments lie
at about +45 degrees and -45 degrees to a longitu-
dinal axis of the nail.

5. An intramedullary bone nail according to any of
claims 1-4, wherein the core includes a substantially
central, axially extending lumen (114).

6. An intramedullary bone nail according to any of
claims 1-5, further including a radiopaque marking
formed by a thin metal layer (130) extending along
an inner surface of the lumen.

7. An intramedullary bone nail according to claim 1,
wherein at least part of the exterior surface of the
nail is covered with a layer of metal.

8. An intramedullary bone nail according to any of
claims 1-7, wherein said fibers are carbon.

9. An intramedullary bone nail according to claim 1,
wherein said core comprises a diameter up to 7.6
mm; said sleeve comprises a thickness of 0.3 mm;
and said outer layer comprises a thickness of 0.15
mm.
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10. An intramedullary nail according to claim 5, wherein

said central, axially extending lumen comprises a
diameter of 2.7 mm.

Patentanspriiche

1.

Intramedullarer Knochennagel (89) umfassend:

einen Kdrper mit einem Kern (90), konstruiert
und konfiguriert, um im Wesentlichen Biegelas-
ten standzuhalten, einer den Kern umgebenden
Hulse und einer AuRenschicht (92), welche die
Hulse umgibt,

dadurch gekennzeichnet, dass der Kern und
die duRere Schicht aus langen Fasern besteht,
die sich im Wesentlichen linear parallel zu der
Langsachse (94) des Nagels in einer Polymer-
matrix erstrecken, und

dass die Hulse zwischen dem Kern und der au-
Reren Schicht ist, wobei die Hiilse konstruiert
und konfiguriert ist, um im Wesentlichen Torsi-
onsbelastungen standzuhalten, bestehend aus
mehreren Schichten (100) von Fasern in einer
Polymermatrix, die spiralférmig in entgegenge-
setzten Richtungen gewickelt sind.

Intramedullarer Knochennagel gemal Anspruch 1,
wobei die Hiilse aus zwei Schichten von Filamenten
besteht, die in entgegengesetzten Richtungen spi-
ralférmig gewickelt sind.

Intramedullarer Knochennagel gemal Anspruch 2,
wobei ein proximales Ende (104, 110) des Nagels
aus einem Teil besteht, das Filamente enthélt, die
in einer kreisférmigen Spiralkonfiguration orientiert
sind.

Intramedulldarer Knochennagel gemaR einem der
Anspriiche 1-3, wobei die spiralférmig gewickelten
Filamente ungefahr +45 Grad und -45 Grad zu der
Langsachse des Nagels liegen.

Intramedulldarer Knochennagel gemaR einem der
Anspriche 1-4, wobei der Kern ein im Wesentlichen
mittiges, sich axial erstreckendes Lumen (114) ent-
halt.

Intramedulldarer Knochennagel gemal einem der
Anspriiche 1-5, weiterhin enthaltend eine réntgen-
dichte Markierung, die durch eine diinne Metall-
schicht (130) gebildet wird, die sich entlang einer
Innenflache des Lumens erstreckt.

Intramedullarer Knochennagel gema Anspruch 1,
wobei mindestens ein Teil der dufleren Oberflache
des Nagels mit einer Metallschicht bedeckt ist.
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10.

Intramedullarer Knochennagel gemal einem der
Anspriiche 1-7, wobei die Fasern Carbon sind.

Intramedullarer Knochennagel gemafl Anspruch 1,
wobei der Kern einen Durchmesser bis zu 7,6 mm
aufweist, die Hilse eine Dicke von 0,3 mm aufweist
und die aul3ere Schicht eine Dicke von 0,15 mm auf-
weist.

Intramedullarer Knochennagel gemafl Anspruch 5,
wobei das mittige, sich axial erstreckende Lumen
einen Durchmesser von 2,7 mm aufweist.

Revendications

1.

Broche osseuse intramédullaire (89) comprenant :

un corps présentant un noyau (90) construit et
configuré pour résister a des charges principa-
lement de flexion, un manchon entourant le
noyau, et une couche externe (92) entourant le
manchon ;

caractérisé en ce que ledit noyau et ladite cou-
che externe se composent de fibres longues
s’étendant essentiellement de fagon linéaire et
parallélement a I'axe longitudinal (94) de la bro-
che dans une matrice polymere ; et

en ce que ledit manchon se trouve entre le
noyau et la couche externe, ledit manchon étant
construit et configuré pour résister a des char-
ges essentiellement de torsion, se composant
de couches multiples (100) de fibres dans une
matrice polymere enroulées en hélice dans des
directions opposées.

Broche osseuse intramédullaire selon la revendica-
tion 1, dans lequel le manchon se compose de deux
couches de filaments enroulés en hélice dans des
directions opposées.

Broche osseuse intramédullaire selon la revendica-
tion 2, dans lequel une extrémité proximale (104,
110) de la broche se compose d’'une portion qui com-
porte des filaments orientés selon une configuration
en spirale circulaire.

Broche osseuse intramédullaire selon I'une quelcon-
que des revendications 1 a 3, dans lequel les fila-
ments enroulés en hélice reposent selon environ +45
degrés et - 45 degrés par rapport a un axe longitu-
dinal de la broche.

Broche osseuse intramédullaire selon I'une quelcon-
que des revendications 1 a 4, dans lequel le noyau
comprend une lumiére (114) essentiellement cen-
trale qui s’étend dans la direction axiale.
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Broche osseuseintramédullaire selon I'une quelcon-
que des revendications 1 a 5, comprenant en outre
un marquage radio-opaque formé par une fine cou-
che métallique (130) qui s’étend le long d’une surfa-
ce interne de la lumiére.

Broche osseuse intramédullaire selon la revendica-
tion 1, dans lequel au moins une partie de la surface
externe de la broche est couverte d’'une couche de
métal.

Broche osseuseintramédullaire selon I'une quelcon-
que des revendications 1 a 7, dans lequel lesdites
fibres sont du carbone.

Broche osseuse intramédullaire selon la revendica-
tion 1, dans lequel ledit noyau a un diamétre allant
jusqu’a 7,6 mm ; ledit manchon a une épaisseur de
0,3 mm ; et ladite couche externe a une épaisseur
de 0,15 mm.

Broche osseuse intramédullaire selon la revendica-
tion 5, dans lequel ladite lumiére centrale qui s’étend
dans le sens axial a un diamétre de 2,7 mm.
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